Environmental impact of wild shrimp seed collection with non-selective gears on coastal aquatic biodiversity by Das, S.K. & Sarkar, A.K.
Bangladesh ]. Fish. Res., 13(1), 2009: 55-64 
Environmental impact of wild shrimp seed collection with 
non-selective gears on coastal aquatic biodiversity 
S. K. Das* and A. K. Sarkar 
Department of Aquaculture, Faculty of Fishery Sciences 
West Bengal University of Animal and Fishery Sciences 
5, Buderhat Road, Panchasayar, Kolkata 700 094, West Bengal, India 
*Corresponding author : E-mail: skdas012@yahoo.co.in,  skdaswbua fisqt , gmai Icom 
Abstract 
Collection of wild tiger shrimp (Penaeus nzonodon) seed with non-selective gears 
and its impact upon the coastal aquatic biodiversity has been investigated. Loss 
of undesired species as by-catch was estimated to be 1,075 individuals for 
collection of every desired shrimp seed which amounted to be 132 billion in a 
study area stretching 3 km long coastline of the Sagar Island under the 
Sunderban Biosphere, West Bengal, India. Non-penaeid shrimp seed and crab 
larvae accounted to be maximally destroyed as their overall contribution 
towards the by-catch were 56.5% and 29.44%, respectively. Though, rate of by-
catch loss was found to be inversely correlated with the rate of shrimp seed 
collected per gear (r=-0.82, p <0.05) during the peak season (May — September), 
the overall relationship between them exhibited a linear relationship (r=0.73, 
p<0.05). By-catch loss for every shrimp seed collection tended to increase up to 
a daily collection of 2,500 numbers of shrimp seeds per gear followed by a 
decline. Coastal aquatic community was maximally damaged when the 
heterogeneity and stability as reflected by different diversity indices were 
higher. 
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Introduction 
Seed is the first and foremost requirement in any of the farming practices including 
shrimp farming also. On record, there are 260 shrimp hatcheries in India with a total 
annual production capacity of 10.8 billion shrimp seed as 20-day-old post larvae (PL 
20). Though, it is sufficient to meet up the demand in the culture sector, shrimp 
aquaculture in India still depend substantially upon the wild shrimp seeds collected 
from shallow coastal waters because of the higher preference of the wild natural seeds 
over the hatchery bred ones by the farmers. As a result, around 50,000 coastal poor 
people used to collect and supply wild shrimp seeds to 33,000 ha. shrimp farms in West 
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Bengal, India (Alagarswami 1995). The scenario is almost similar in neighbouring 
Bangladesh where, 1-1.2 million persons used to collect natural shrimp post-larvae from 
the coastal waters. Unfortunately, the desired species of culture, P. monodon constitutes 
a very small portion of juvenile and even adult populations in the wild (Primavera 1995) 
and it was estimated as 0.25-0.27% of the total catch (Sarkar and Bhattacharya 2003). 
The undesired constituents of the total catch collected traditionally through non-
selective gears like shootnet, `chakni jar, dragnet, barrier net etc. are simply discarded on 
the open shore and ultimately destroyed during the sorting out of P. monodon seed from 
the wild heterogeneous collection. The environmental impacts of shrimp farming has 
been emphasized (Paez-Osuna 2004) and several authors tried to quantify the impact of 
coastal shrimp seed collection in different countries (Nath and Banerjee 1991, 
Mahapatra et al. 1995, Deb et al. 1994, Islam et al. 1996, Primavera 1998, Islam et al. 
2004). 
The present work has been envisaged to quantify the collateral loss of valuable 
coastal aquatic biodiversity in the process of wild shrimp seed collection. Coastal areas 
of Sagar Island, West Bengal, India under the Sunderban biosphere have been selected 
because the intensity of natural shrimp seed collection by the local poor fishers was 
found to be maximal there. 
Materials and methods 
The investigation was carried out during May'03 to April'04 in the coastal areas of 
the Sagar Island (21.4° N and 88.1° E) situated within the world's largest mangrove 
habitat, the Sundarban biosphere in South 24 Parganas district, West Bengal, India. As 
the study area was located in the confluence zone of the River Muriganga in the Bay of 
Bengal, it was thickly covered with mangroves and harbored a luxuriant biodiversity of 
living marine resources. 
Five sampling sites located at nearly equal intervals stretching around 3 kms. of the 
coastline were selected because of intensive shrimp seed collection in that region. For 
every sampling, 10 seed collectors with shoot-nets were randomly selected at each 
location. The discard volume containing the undesired organisms as 'by-catch' per haul 
per shootnet was collected on spot from each seed collector following sorting out of the 
desired P. monodon seed. Sub samples (100 ml) from each of the fifty samples thus 
collected from the five locations were mixed to make it 5 1. Finally from the mixed 
sample, one litre of the homogenous mixture was sieved with a fine mesh and the 
contents were preserved in 4% formaldehyde solution on spot and subsequently carried 
to the laboratory for qualitative and quantitative estimation of different organisms as 
by-catch. Sampling was done fortnightly during the one-year cycle from May'03 to 
April'04 except from November '03 to February '04 when natural abundance and 
collection of shrimp seed was negligible. 
The collected preserved sample of by-catch was sorted for different groups of 
organisms. The sample was taken in a petridish, placed under a dissecting binocular 
and different groups of organisms were quantified after proper identification. 
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Quantification of by-catch loss was done by applying the modified equation of 
(Bhaumik et al. 1992). Therefore, annual average by-catch loss = 
rift 
 
Np +NL
x 
 A) ( Bp2+ BL 	 Sp; SL 	 (Dp + DI)} 2 
Where, 
N p = Average number of nets km - ' during peak season 
N L = Average number of nets km - ' during lean season 
A = Total area in km 
B p = Average number of by-catch shrimp seed -1 during peak season 
B L = Average number of by-catch shrimp seed' during lean season 
S p = Average number of shrimp seed catch day' shootner' during peak season 
S, = Average number of shrimp seed catch day' shootner' during lean season 
Dp = Total number of days in operation during peak season 
D L = Total number of days in operation during lean season 
Different indices for estimation of diversity in the by-catch were calculated 
following the methods of Pielou (1975). The data were subjected to statistical analyses 
following appropriate methodologies, where necessary. The results of the 
determinations were accepted at 5% level (P <0.05). 
Results 
By -catch composition 
The by-catch of organisms was comprised of non-penaeid seeds, young and 
juveniles of finfishes, larvae of crabs as well as a few lobsters along with substantial 
number of unidentified ichthyoplankton and invertebrates predominantly represented 
by the annelids. The non-penaeid shrimp seed community in the by-catch was 
composed of Ivletapenaeus brevicornis, M. monoceros, M. ensis, Parapenaeopsis sculptilis, 
Palaenzon styliferus and Acetes indicus whereas, the finfish community was composed of 
Anguilla sp., Therapon jarbua, Lates calcarifer, Harpodon nehereus, Mugil cephalus, .M. 
cunnesius, Liza parsia, Rhinomugil corsula, Eleutheronema tetradactylum, Polynemus indicus, 
P. sextarius, Trichiurus sp., Scatophagus argils, Cynoglossus sp. The crab larvae are mainly 
dominated by the megalopa larval stage of the pelagic coastal crabs. 
Temporal trend of seed availability and by -catch loss 
The number of seed collected per day per shoot net attained peak during June 
whereas, loss of by-catch for every shrimp seed collection tended to increase and 
attained peak during August followed by a sharp decline thereafter. During November 
to February, there was no seed collection activity as well as no loss of aquatic diversity as 
by-catch loss. Consequent with the onset of seed collection activity from next March, the 
loss of by-catch again tended to increase. There was more than 7 times variation in the 
57 
3000 
2500 
2000 E 
- 1500 
1000 
500 
0 
• 
Dk. 
_ee8w. 2 8 8 8 
11 	 Q g V 	 LL g 
4000 
3500 
3000 - 
2500 
2000 - 
1500 
1000 
500 
0 
S.K. Das & A.K. Sarkar 
amount of by-catch loss for collection of every shrimp seed during the study period 
(Fig. 1). 
Months 
1= Number of shrimp seed collected per day per shoot net. 
Values of by-catch per shrimp seeds. 
Fig. 1. Temporal trend in the values of by-catch per shrimp seed. 
Quantification of loss 
The total by-catch loss (130 billion) as estimated during the peak season (May —
September) was 65 times higher compared to the cumulative loss (2 billion) during two 
lean seasons (October — November and March — April). The annual average loss was 
estimated as 76 billion in a study area of 3 km stretch. Again, it has been computed that 
to meet the present seed requirement of West Bengal (4.9 billion), 5,262 billion number 
of undesired variety of coastal aquatic biota as by-catch will be lost if the total seed is 
collected from the open coastal waters. 
Relative abundance of different groups 
The major groups in the by-catch composition viz. non-penaeid shrimps and crab 
larvae exhibited similar peaks during the month of August. As clearly discernible the 
quantity of non-penaeid shrimps in the by-catch continued to be maximal that was 
followed by crab larvae, finfishes, unidentified organisms and lobsters (Fig. 2). 
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Fig. 2. Temporal variation of different groups of organisms in the by-catch. 
The relative abundance of different groups in the by-catch exhibited a strong 
seasonal variation (Fig. 3). The abundance of non-penaeid shrimps was maximal during 
April to May (63 — 65%) and minimal during March (22.66%). Though such trend was 
identical in case of finfishes, crab larvae were conspicuous by their relatively steady 
abundance (22.46 — 34.74%) from June to October. However, the maximal contribution 
during March (69-70%) was in clear contrast either to that of non-penaeid shrimps or 
finfish that exhibited their minimal presence during that period. Presence of lobster in 
the by-catch was scanty (0.02 — 0.25%) and discontinuous (Fig. 3). A substantial 
quantity of by-catch (0.4 — 2.7%) remained unidentified. In totality, the relative 
contribution of different groups of organism was: non-penaeid (56.5%), crab larvae 
(29.44%), finfish (11.8%), lobster (0.04%) and unidentified (1.72%). 
The overall average value for different groups of organisms (Fig. 4) indicated that 
more than half of the by-catch was comprised of non-penaeid shrimps (607.06) followed 
by crab larvae (321.75), finfish (126.81), lobster (0.44) and unidentified organisms 
(18.44). 
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Months 
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Fig. 3. Temporal variation in the percent contribution of 
different groups of organisms in the by-catch. 
607,06 
q Other shrimp q Fish 0 Crab larvae q Lobster q Unidentified 
Fig. 4. Pie chart showing monthly average contribution of different groups of organisms 
per shrimp seed in the by-catch during the period of observation. 
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Diversity indices of the by-catch 
Diversity indices tended to increase and attended maximum values during the 
month of June followed by a declining trend in all the cases, The values tended to 
increase from next March onwards. The maximum value attended for Shannon-Wiener 
index and Evenness index were 1.445 and 0.289 respectively (Figs. 5 & 6). It is clearly 
evident that the index values were found to be maximal during the month of June and 
September, which indicated more heterogeneity of the population during that period. 
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Fig. 5. Temporal variation in the values of Shannon-Weiner index. 
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Fig. 6. Temporal variation in the values of Evenness index. 
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Discussion 
The present investigation quantified the collateral damage of coastal aquatic biota 
during traditional collection of wild shrimp seeds through non-selective gears. The 
quantum of by-catch loss (1,074.5 per shrimp seed) was amounted to be 132 billion in a 
study area of 3 km long coastline. Seasonal variability was well marked as 130 billion 
organisms as by-catch were estimated to be lost during the peak season against 2 billion 
during the lean season. This estimate is in contrast to earlier studies (Mahapatra et al. 
1995, Naylor et al. 2000) where such loss had been estimated with a much lower 
intensity. This might be due to variations in the sampling procedures, temporal changes 
in the intensity of seed collection, difference in the seasonality of study period, above all 
the water quality and other environmental variables. However, estimated loss of by-
catch in the process in Bangladesh (Deb et al. 1994) and Honduras (DeWalt et al. 1996, 
Stanley and Alduvin 2002) was staggering and parallel with the present observation. 
The dominance of non-penaeid shrimps in the by-catch was because of their 
seasonality of breeding in parallel with the penaeid shrimps. Besides, the environmental 
conditions favoured the larvae of such in respect to water quality parameters like 
dissolved nutrients, temperature and salinity. The maximum presence of finfish seeds 
in the by-catch was observed during April to May. This corresponds with breeding 
season of most of the brackish water fishes (Basu and Pakrasi 1979, Ghosh et al. 1990). 
The scanty presence of lobster larvae was expected because the coastline of the study 
area was non-rocky which did not favoured the abundance of lobsters. 
The overall seasonal relationship between the rate of shrimp seed collection per 
gear and loss of by-catch (r=0.73, p<0.05) was not followed when considering the peak 
season in separate (p>0.05). Also, direct relationship between such variables was 
prominent (r=0.97, p<0.05) during the lean season of seed availability. The deviation of 
such trend during the peak season might be explained as though both the density of 
desired shrimp seed and undesired by-catch population were maximal during the peak 
season; the relative abundance of the former became significantly higher. This 
explanation was conclusively established as during peak season the rate of by-catch loss 
was found to be inversely correlated with the rate of shrimp seed collected per gear (r=-
0.82, p<0.05). Moreover, such relationship during the whole study period taking into 
accounts both the lean and peak season together exhibited a polynomial equation. By-
catch loss for every shrimp seed collection tended to increase up to a daily collection of 
about 2,500 numbers of shrimp seeds per gear followed by a decline. Such modular 
relationship was explained by a significant value of 65%. 
As the maximum abundance of by-catch was simultaneous to that of maximum 
availability of shrimp seeds, availability of shrimp seed was a direct function of the 
more heterogeneity of the coastal biota. As the study area was situated at the river 
mouth, during the monsoon months the delta was enriched by heavy influx of surface 
run-offs, which favoured the enrichment of biodiversity during that period (Ghosh et al. 
1990, Nath and Sinha 1996, Nath 1998). Loss of biodiversity as by-catch loss was 
maximally impacted during the late monsoon months when the biodiversity indices 
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exhibited peak values. Therefore, impact of seed collection by non-selective gears upon 
the coastal aquatic biota was mostly detrimental when the heterogeneity as well as the 
stability of the population was at its peak. 
It is obvious that the on-going practice of wild shrimp collection not only is 
detrimental to the shrimp fishery and the regional aquatic community itself but also 
disturbing the feeding niche of the other organisms linked through the particular food 
web. Indiscriminate exploitation of seed resources from the coastal waters resulted in 
significant reduction of not only shrimp seed but also Hasa and crab fishery as well in 
northeastern coast of India (Bhattacharya and Sarkar 2002) and Bangladesh (Hoq et al. 
2001) 
Conclusions 
It is clearly evident that the on-going practice of shrimp seed collection through 
non-selective gears is exerting tremendous pressure upon the coastal biota and resulting 
in alteration of the community structure at the site of investigation. The heterogeneity 
of the community is getting altered and biodiversity is getting lost. 
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